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SUMMARY 
Inviscid static and dynamic stability parameters a re  obtained for  a family of blunted 45 
degree half angle cones at Mach 10 for both ideal gas and equilibrium a i r  flows. The results 
are obtained by utilization of the General Electric Flow Field Computer Programs which use 
appropriate numerical methods to determine both steady and unsteady inviscid flow fields. 
The following numerical results are obtained: 
a. 
b. 
C. 
d. 
e. 
f. 
g. 
h. 
i. 
Dynamic stability coefficient, CM + C M ~ ,  as a function of R d R B  and xCg. 
Static stability coefficient, C M ~ ,  as a function of RN/RB and x 
Normal force coefficient slope, C N ~ ,  as  a function of R N / R ~ .  
Normal force coefficient, C 
Axial force coefficient at  zero angle of attack, ( C A ) ~  = o, as a function of RN/RB. 
Ratio of center of pressure location to cone base diameter, x /d, a s  a function of 
q 
cg' 
a s  a function of R and x 
Nq + 'N&' %' B cg' 
CP 
R N / R ~ -  
Bow shock wave shape and position. 
(1/Pt2) Pa = l/Pt (a P/aa), = 0. as a function of s/RN for @ = Oo, 30°, 60°, 90°, 
where Pt is model stagnation pressure, P is model surface pressure, @ is azi- 
muthal angle and s is distance measured along model surface from forward point 
on the axis of symmetry. 
Cone surface pressure, (P/Pt ), as a function of S/RN. 
2 
2 
2 
For the real gas case, the shock layer flow downstream of the sonic line on the sphere is 
everywhere supersonic, and no difficulty was encountered in the computations. 
For the ideal gas case, there exists a subsonic layer near the conical part of the body surface 
where the flow is otherwise generally supersonic. The approximation made in Section 3 
enabled the completion of the computation for this case. The effect of the approximation is 
found to be significant for  bodies of large bluntness ratios but is negligible for bodies of 
small bluntness ratios. 
v/vi 
NOMENCLATURE 
4 
a , b  = y coefficients 
A = cone reference area, nd /4, f t  
2 2 
axial force 
%A 
= axial force coefficient, cA 
= pitching moment coefficient, cM 
- moment about cone center of rotation (xcg) 
sw Ad 
= a C  /& per radian cM, m 
4d + c 
m. m ua3 
= normal force coefficient, 
= ac /a(--> + ac /a(cid/u 03 ) per radian 
m 
normal force 
CY 
‘m 
cN 
4 
%A 
= a C  b o ! ,  per radian cN N 
o! 
, per radian uw acN a cN - -  - + -  
-t ‘N. d a4 aa 
4 a cN 
0 
C Speed of sound, ( 52 ) 
aP s 
Material derivative D 
Dt 
d Base diameter, f t  
d4 
-
Differential distance along Mach lines 
2 
e 
0 
a p  
as 
-
P 
Normal force 
FN 
h Enthalpy 
L Reference length, body length, f t  
M Mach number 
n 
n 
P Pressure, lb/ft 
Order of derivative of angle of attack o r  pitch velocity being considered 
Unit inward vector normal to the surface indicated by its subscript 
-b 
2 
Model stagnation pressure, lb/ft 
2 
pt2 
vii 
4 Pitch rate 
Free stream dynamic pressure %o 
R G a s  constant 
Radius of cone base 
Radius of cone nose 
Distance measured along surface from forward point (nose tip) on s axis 
of symmetry 
RB 
RN 
S 
S Entropy 
Time 
T Temperature 
4 
u, v, w Cornpcnerits of V in the x, r, and cp directions 
V 
V 
Magnitude of velocity in meridional plane 
Fluid velocity relative to the body fixed coordinate system 
4 
x, r, cp Coordinate directions 
x, r, cp 
Xa Y, z Coordinate directions 
4 4 4  Unit vectors in 'the coordinate directions 
X 
x, Y I  z 
Distance from x, y, z origin to center of spherical nose 
Unit vectors in the coordinate directions 
0 
4 - 4 4  
z Compressibility factor 
a .  Angle of attack 
Y Ideal grs  ratio of specific heats 
Y* 
v Gradient ope rator 
I 
K An indicator which is defined to be 6 = 1 for the axisyinmetric case and 6 = 0 
for  the two-dimensional case 
e Flow direction 
t 
i 
t 
I viii I 
Q 
B 
cg 
j 
n 
N 
0 
S 
S 
00 
1 
2 
CL Mach angle 
P Density 
11, Stream fimction 
n 
(J Shock angle 
Subscripts 
-a 
Angular velocity of the body 
Body surface 
Center of gravity (center of rotation) 
This subscript indicates whether the perturbation is caused by angle of att,?Cli 
(j = 1) o r  pitch rate (j = 2)  
This subscript indicates the order of derivative of angle of attack o r  pitch 
velocity being considered 
Normal to  shock, nose 
Zero yaw 
Isentropic process 
Immediately downstream of shock wave 
Free stream 
Perturbations due to Q! and its derivatives 
Perturbations due to q and its derivatives 
ix/x 
SECTION 1 
PNTRODUC TION 
The work reported herein was  performed by the General Electric Company Re-entry 
Systems Department, Philadelphia, Pa. , under Jet Propulsion Laboratory Contract No. 
951647 - supplement. The author wishes to acknowledge Mr. Charles Kyriss for his 
active interest and many valuable suggestions, and Mr. P. C. Townsend for preparing 
the tables and graphs. 
1.1 STUDY OBJECTIVE 
The objective of this study is to determine the static and dynamic stability parameters 
for a family of bIunted 45 degree half angle cone bodies at two free stream conditions. 
1.2 STUDY CONFTGURATIONS AND FREE STREAM CONDITIONS 
The configurations being considered a re  45 degree half angle sphere-cones with nose-to-base 
radius ratios (R h ) of 0, 0.25, 0.50, 0.75, and 1.00. (See Figure 1-1.) The two free 
stream conditions are  as follows: 
N B  
a. Ideal gas ( y  = 1.4) 
Base diameter = 5 , 5  inches 
M = 1 0  
u = 4080ft/sec 
W 
03 
-4 p = 4.65 x 1 0  atmosphere 
Real gas (air in chemical equilibrium) 
Base diameter = 2.0 inches 
W 
b. 
u = 10820ft/sec 
00 
1-1 
= 0.74713 x lo4 lb /ft3 Po0 m 
-4 
= 0.91764 x 10 atmosphere 
8 
(Q/RB = 0.25) 
8 
Figure 1-1. Study Configurations 
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The coordinate system used in this report is shown in Figure 1-2. 
Figure 1-2. The Spherical Coordinates System 
and the Angle-of-Attack 
1-3 
SECTION 2 
TECHNICAL APPROACH 
The methods used in this report a r e  analytical in  nature. Mathematical models a re  
constructed to represent both steady and unsteady state flow fields. The governing 
equations and boundary conditions a re  solved by computer, using appropriate numerical 
methods. In this section, the equations and boundary conditions a s  wel l  as  the assumptions 
for both steady and unsteady state flow conditions will  be discussed briefly. References a re  
given for more detailed descriptions. 
2.1  THE ZERO YAW STEADY STATE SOLUTION 
The purpose of this analysis is to generate the drag coefficients and to pave the way for the 
unsteady part of the problem. The solution is obtained by means of the GE Flow Field 
Program which is capable of both real and ideal gas computations in shock layers surround- 
ing a variety of axisymmetric and two-dimensional bodies. It is a numerical solution of the 
laws of conservation of mass, momentum, and energy. 
considered and adiabatic flow is assumed): 
(Here the viscous effect is not 
-b 
v *  @ V )  = 0 
v9 v v + " v p  = 0 
P 
--c 
ve 0s = 0 
and the state relations: 
(2-3) 
2, Z R T  
P 
S = S@, T) (2-5) 
2- 1 
i 
Z = Z (p, T), Z = do, S )  
p = P do, S) 
and 
The last five of these relations a r e  in tabular form, for a i r  treated a s  a real gas in 
chemical equilibrium. 
I 
The GE solution also uses a parameter Y* (Reference l), where y* is defined as! d 
1 
1 and is computed a s  a function of S and p, using the expression: 
a 
P 
y* = - + b  (2-10) 
The coefficients a and b a re  tabulated as functions of entropy and pressure. A l l  thermo- 
dynamic properties were  originally taken from References 2, 3, 4. Tables w e r e  
reorganized and stored on computer tape by Stamm (Reference 5) and Edsall (Reference 6). 
Empirical fits and table interpolation schemes a re  accurate to within 1 percent of the data 
being represented. 
1 
1 
J 
i 
If an ideal gas calculation is desired, Z becomes unity, Y* becomes the ratio of specific 
heats*, and the real gas relations (Equations 2-3, 2-7, and 2-8) a r e  reduced to several ideal 
gas relations: 
*For an ideal gas a = 0 and b = the ratio of specific heats 
2- 2 
P p-' = constant along streamlines 
1 2  
2 Y - 1 P  
- v + -Y- = constant 
(2-11) 
(2-12) 
The boundary conditions imposed on the problem consist of the free stream conditions 
upstream of the shock wave*, and the condition that no mass flows through the body surface. 
Since the mathematical character of the governing equations is different on opposite sides of 
the sonic line, the solution is carried out in a different way in the transonic and supersonic 
regions of the shock layer. The solution in both regions is carried out on a GE 635 computer. 
2.2 THE TRANSONIC REGION 
The computation for a blunt body is started in the transonic region, which includes the sonic 
line and a small part of the shock layer on each side of the sonic line. A coordinate grid of 
streamlines and the lines normal to them is used, The solution is a direct one (Reference 1). 
It is started by making an initial estimate of the shock shape and of the pressure distribution 
at the body surface. 
computed (as well as the value of the flow field variables on it) to satisfy the governing 
equations. This process of stepping to the next streamline is repeated until a new shock 
wave, which satisfies the conservation of mass law, is reached. The shape of this new 
shock wave, as  wel l  as  the pressures just  downstream of it, a r e  compared with the shape 
and corresponding pressures for the initial estimate. New estimates of shock shape and 
body pressure distribution a re  based on this comparison and on a general inspection of the 
results obtained in the entire transonic region. This iterative cycle is repeated until the 
estimates and computed values agree closely. It is usually possible to  obtain pressure 
downstream of the estimated and computed shock waves to agree within 3 percent, and to  
get the estimated and computed shock waves to coincide within 0. 004 of the body radius of 
curvature at  the stagnation point. A t  each step of the iteration, the choice of a new estimate 
The location of a streamline a small distance from this body is then 
*Applied through the Rankine-Hugoniot relations 
2- 3 
of shock shape and body pressure distribution is made by the operator; all  other iterative 
cycles a r e  automatic. Detailed discussion and a guide to converging the zero yaw transonic 
solution is given in Reference 7. 
2.3 THE POINTED CONE SOLUTION 
When a flow field solution is needed for a pointed body, the supersonic program provides it. 
However, the supersonic program requires a solution along a starting line. This starting 
solution is obtained by approximating a small portion of the nose of the pointed body by a 
pointed cone. The solution for a pointed cone is then obtained by the method of Taylor and 
Maccoll (Reference 8), modified to provide a real gas solution, if desired. This solution 
has been included in a single computer program with the unsteady solution for the pointed 
cone. A detailed derivation of this solution appears in References 9 and 10. 
2.4  THE SUPERSONIC REGION 
The steady-state solution in the supersonic region is carried out by the method of character- 
istics for both pointed and blunt bodies. Three basic directions a r e  used: the flow direction 
(constant 4, constant S) and the directions of the Mach lines. The angles between the Mach 
lines and the flow direction are: 
-+-y = sin-'( h) (2-13) 
The Mach lines a r e  the characteristics (in the mathematical sense) of the continuity and 
momentum equations. Changes along these lines a re  defined by: 
cot dP - * @ + L s i n p  s i n e  +- - 
d i - r  -pv2  dJ (2-14) 
where 
2-4 
i 
! 
‘ 2  
i 
8 
A 
= the flow angle measured from the axial. 
= the distance measured along a characteristic. 
The + and - signs apply to the left and right Mach lines, respectively. 
In addition to Equation (2-14), the equation of state, the condition of constant total energy , 
and the condition of isentropic flow along streamlines must be satisfied. The numerical 
solution is started from a line along which the solution has previously been computed by 
either the transonic or pointed cone program. References 1 and 11 give detailed discussions. 
2.5 THE UNSTEADY FLOW FIELD SOLUTIONS 
To obtain both the static and dynamic stability parameters, the unsteady flow field must be 
analyzed. In this analysis, the equations and boundary conditions a r e  described in body 
fixed coordinates. The equations become 
- 0  DS Dt 
- -  
(2-15) 
(2-16) 
(2-17) 
4 4 
where V (t) is the linear velocity of the center of gravity and 0 (t) is the rotational velocity. 
cg 
The thermodynamic state relations a re  the same as  Equations (2-4) to (2-10). 
2-5 
The boundary condition on the body surface is that the normal component of the velocity 
vector is zero, i. e. 
V . n  = O  B 
The boundary conditions downstream of the shock are obtained through Rankine- 
Hugoniot relations. 
(2-18) 
Since the steady state solution of the problem has been obtained in the previous sections, 
the unsteady effects a r e  evaluated by the method of small perturbation. To do so, the flow 
field parameters a re  expressed by the sum of the value it has in the zero yaw steady state 
case plus contributions proportional to angle of attack a!, pitch rate q, and their time 
derivatives. Using pressure P as  an example: 
P = P  + P a + P  11 (-y+P12(q2 u +... 0 [ lo 
+ k20 - p l o  &)(ti L u g +  ...I cos @ 
where 
X = location of center of gravity 
cg 
L = reference length 
U = free stream velocity 
co 
@ = meridional angle. 
(2-19) 
2- 6 
Substitution of this equation (and similar expressions for the remaining flow field variables) 
into the governing equations (2-1) to (2-4), yields: 
a P  4 
a t  o j  3 0  
a v. 3 3 + 4 
a t  0 3 O Po p 2 3  j 
- + v *  (p 3 + P . V ) =  0; 
4 
3 V P .  V P  
V)V +-J-o P.  = F ;  j=1,2 -+ (V V) v. + (Vj 
0 
as 4 3 
a t  0 ~j 0 
v s . + v  * o s  = 0 
P. = c 2 p . + e 2 s .  
3 0 3  o j ’  
where 
= (-/a s)P 2 C = speed of sound and e 
0 0 
(2-20) 
The effect of the unsteady motion of the body on the flow field variables is obtained through a 
numerical solution of these equations. 
obtained by integrating the appropriate pressure derivatives (P 
body surface. Detailed discussion can be found in References 7 and 12. 
The static and dynamic stability coefficients a r e  
PO 
= aP/acr, etc. ) over the 
2-7/8 
I 
SECTION 3 
DIFFICULTY ENCOUNTERED 
'i 
During the course of computation, one difficulty was encountered. For the case of a 
blunted cone, the transonic flow field as described in Section 2.2 was calculated first. 
For both the ideal and the real gas, the supersonic flow started on the spherical portion 
of the body. The calculation was then carried on by the supersonic program as discussed 
in Section 2.4. However when the flow reached the conical portion of the body, the flow 
was being compressed slightly, whereas on the spherical portion, the fluid was being 
expanded. The Mach number decreased slightly and then approached a constant value. 
In the real gas case, even though the Mach number decreased, the flow remained super- 
sonic. In other words, in the real  gas case, the flow remained supersonic everywhere once 
it became supersonic. However in the ideal gas case, when the Mach number decreased, 
the flow near the body became subsonic. That is, in the ideal gas case, there existed a 
subsonic layer near the body in the otherwise generally supersonic region. It is known 
that the method of characteristic discussed in Section 2.4 fails when there is subsonic 
flow in the region. It is noted here that this situation does not happen when one deals with 
vehicles of small cone angle since the compression effect is less. One might hope that a 
ri 
I 
higher free stream Mach number may raise the Mach number near the body so that the 
flow will not become subsonic. The author has examined this phenomenon and found that it 
exists up to M = 20. According to Reference 13, the flow patterns remain generally the 
same for a certain cone shape at high Mach numbers. Therefore, it may be concluded 
that for a 45-degree half angle cone this phenomenon exists at all Mach numbers. 
3 . 1  APPROXIMATION 
To overcome this obstacle without significantly altering the method of calculation, it was 
decided to adjust the boundary condition slightly in the supersonic flow region such that 
the Mach number would remain greater than unity. Since the result of the transonic solution 
is used as the boundary condition of the supersonic calculation, an adjustment on its pro- 
perties will  alter the Mach number in the field. In this case, it was decided to raise the 
3- 1 
density distribution by 3 . 5  percent, while keeping the rest of the properties (pressure, 
velocity vector,etc.), the same. The ideal gas case result presented in Section 4 was 
obtained by using this approximation. The e r ror  is estimated in the next section. This 
approximation was not needed in the real gas case. 
3 . 2  ESTIMATED ERROR 
To estimate the e r ror  generated by using the above approximation, the following calcula- 
tions were performed. Since the real gas case was calculated without using this approxi- 
mation, the results of this case were  compared with the additional result obtained by 
purposely using the approximation in the real gas case. It is found that the e r ro r  is 
significant for a short body, while very insignificant for a comparatively longer body. 
The following table gives the e r ror  due to this approximation with respect to the static 
and the dynamic stability coefficients. 
Table 3-1. Estimates of Error  in Ideal Gas Aerodynamic Coefficients 
Coefficient 
cA 
cN 
CL 
cM 
CL 
‘N + ‘N a! 
q 
‘M + ‘M 
a! 
I Percentage Error  
- 0 . 2 5  RN 
RB 
- 0 . 5  -- RN 
RB RB B 
-- - 0 . 7 5  -- RN -- R - 1  
Center of R~ 
Rotation 
+ 6 . 2  +3 .35  + l .  87 0 
I +11 I + 9 . 9  
Nose Tip 1 1:; Base -7 .35  1 - 8 . 4  
~ Nose Tip I rf: 1 :::: 
Base i-32.8 
Base 
Nose Tip -7.8 
-34.5 -4 .73  
-1.9 -0.5 
+2.17  + l .  48 
t-4.88 +o. 95 
+5.75  +O. 6 
-4.1 -0 .65  
-6 .75  -0 .95  
-- - 0  RN 
RB 
0 
0 
0 
0 
0 
0 
0 
0 
“3, 
I 
f 
il” 
P 
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SECTION 4 
NUMERICAL RESULTS 
a 
In this section, the numerical results of the computations for the two cases described in 
Section 1 a r e  presented. The methods used to generate these results were  discussed in 
Section 2. An approximation was made when a difficulty was encountered in computing the 
ideal gas case. The e r ror  was estimated in Section 3. Since the e r ro r  was found significant 
for large bluntness ratio configurations, comparison between the ideal and the real gas cases 
will be made only for configurations of small bluntness ratios. 
The dynamic stability coefficients, CM + CMb, due to  both the pitching rate and the rate of 
angle of attack a re  shown in Figures 4-1 and 4-2 as  a function of bluntness ratio and the 
center of rotation for ideal and real gas cases, respectively. It is seen that the effects a r e  
smaller for vehicles with large bluntness ratios. For vehicles with small bluntness ratios, 
the coefficients a r e  almost the same in both ideal and real gas cases. 
cl 
Figures 4-3 and 4-4 show the static stability coefficients as a function of bluntness ratio 
and the center of rotation for both the ideal and the real gas cases, respectively. 
Figures 4-5 and 4-6 show the variation of the normal force coefficient slope with respect to 
bluntness ratio for both cases. 
The normal force coefficients for both cases as a function of bluntness ratio and the location 
of center of rotation a r e  shown in Figures 4-7 and 4-8. The coefficient increases when 
R /R decreases. 
N B  
The axial force coefficients at zero angle of attack for both cases are shown in Figures 4-9 
and 4-10, respectively. It is as expected that the coefficients are higher for  more blunted 
configurations. 
4- 1 
Figures 4-11 and 4-12 show the center of pressure location with respect to bluntness ratio. 
as a function of S/R and the azimuthalangleQfor 
Q! = 0’ N The values of (l/Ptz) (a P/a a) 
both cases are shown in Figures 4-13 and 4-14. 
The shock shape and the body configurations a re  shown in Figures 4-15 and 4-16 for  both 
cases . 
Finally, the pressure distributions for  both cases are shown in Figures 4-17 and 4-18. The 
pressures at the end of the small bluntness vehicles approach those of the pointed cone shape. 
Numerical results in tabular form are given in Appendix A .  
+ 
Figure 4-1. Dynamic Stability Coefficient, CM + CM&, as a Function of RN/RB and xcg 
for Ideal Gas Case 
q 
x /L 
0.s I 
Figure 4-2. Dynamic Stability Coefficient, CM + C M ~ ,  as a Function of RN/RB and xcg 
for Real Gas Case 
4 
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Figure 4-3. Static Stability Coefficient, CM,, a s  a Function of R N / R ~  and xcg for 
Ideal Gas Case 
I 
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J 
Figure 4-4. Static Stability Coefficient, CM,, a s  a finction of RN/RB and xcg for 
Real Gas Case 
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Figure 4-5. Normal Force Coefficient Slope, CN as a Function of R N / R ~  for Ideal a’ 
Gas Case 
Figure 4-6. Normal Force Coefficient Slope, CN as  a Function of RN/RB for Real a’ 
Gas Case 
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Figure 4-7. Normal Force Coefficient, C N ~  + C as a Function of RN/RB and xcg for 
Ncl’ 
Ideal Gase Case 
x /= 
cg 
Figure 4-8. Normal Force Coefficient, CN;, + C as  a Function of RN/RB and x for 
Nq’ cg 
Real Gas Case 
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Figure 4-9. Axial Force Coefficient at Zero Angle of Attack, (CA) , = o, as a Function of 
R /R for  Ideal Gase Case 
N B  
0 
V R B  
Figure 4-10. Axial Force Coefficient at Zero Angle of Attack , (CA), = 
N B  
as a Function for  
R /R for  Real Gas Case 
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Figure 4-11. Ratio of Center of Pressure Location to Cone Base Diameter, x CP /d, as a 
Function of R /R for Ideal Gas Case N B  
Figure 4-12. Ratio of Center of Pressure Location to Cone Base Diameter, x CP /d, as a 
Function of RN/RB for Real Gas Case 
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Figure 4-13. The Value of (1/Pt2) @P/a a)@ = o, as a Function of s/RN and the 
Azimuthal Angle @ for Ideal Gas Case 
0.1 0 . 2  0.3 0.4  0.5 0.6 
I 
, 7  
Figure 4-14. The Value of (l/Ptz) (a P/a cy)@ = 0, as a Function of s/RN and the 
Azimuthal Angle @ for Real Gas Case 
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/ 
Figure 4-15. Bow Shock Wave Shape and Position for Ideal Gas Case 
X D N  
Figure 4-16. Bow Shock Wave Shape and Position for Real Gas Case 
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Figure 4-17. Cone Surface Pressure, (P/P ), as a Function of s/RN for Ideal Gas Case 
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Figure 4-18. 
5/RN 
Cone Surface Pressure, (P/Pt ), as  a Function of s/RN for Real Gas Case 
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SECTION 5 
CONCLUSIONS 
For a 45 degree sphere-cone, the GE Flow Field computer programs have been utilized to 
obtain the following numerical results: 
a. 
b. 
C. 
d. 
e. 
f, 
g* 
h. 
i. 
Dynamic stability coefficient, CM + CM- as a function of R /R and x 
4 CY' N B  cg' 
cg' 
Static stability coefficient, CM as a function of R /R and x 
CY' N B  
WR%* Normal force coefficient slope, CN as a function of CY' 
Normal force coefficient, C + CNb, as a function of R /R and x 
Nq N B  cg' 
Axial force coefficient at zero angle of attack, (CA), = o, as a function of R ~ / R ~ .  
Ratio of center of pressure location to cone base diameter, x /d, as a function of 
CP RN/RB. 
Bow shock wave shape and position, 
0 as a function of s /R for @ =  0 , 30°, 60°, 90°, (1/Pt2) p, = 1/Pt2 (3 p/a = 0 N 
where Pt2 is model stagnation pressure, P is model surface pressure, @is 
azimuthal angle and s is distance measured along model surface from forward point 
on the axis of symmetry. 
Cone surface pressure, (P/Pt2), as a function of s /R . N' 
For the real gas case, the shock layer flow downstream of the sonic line on the sphere is 
everywhere supersonic, and no difficulty was encountered in the computations. 
For the ideal gas case, there exists a subsonic layer near the conical part  of the body 
surface where the flow is otherwise generally supersonic. The approximation made in 
Section 3 enabled the completion of the computation for this case. The effect of the 
approximation is found to be significant for bodies of large bluntness ratios but is negligible 
for bodies of small bluntness ratios. 
5- 1 
i 
The existence of a subsonic region is found to be a direct consequence of the combination of 
the perfect gas assumption and the large cone angle in the study. 
f 
5- 2 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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APPENDIX A 
NUMERICAL RESULTS IN TABULAR FORM 
Table A-1. Normal Force Coefficient Slope, CN Static Stability Coefficient C M ~ ,  Normal 
Force Coefficient, CN& + C N ~  and Dynamic Stability Coefficient C M ~  + CN Evaluated With cu’ 
Respect to Different Center of Rotation, xcg/L, of a 45-Degree Cone infdeal Gas 
0. 
e 1  
e 2  
e 3  
e4 
b 5  
e 6  
e 7  
e8 
e9 
1 eo 
cN, 
e90 172 
e 90 172 
e90172 
e 90 172 
090172 
e90 172 
e90172 
e90172 
e90 172 
e90172 
e 90 172 
-e54879 
- e  52237 
- e  49595 
- b 46955 
-e44313 
-a41671 
-e39028 
- e  36389 
-*33747 
-e31104 
b 28464 
e44979 
e42337 
b 39696 
o 37054 
b34413 
031772 
b29130 
b 26489 
b 23847 
e21206 
b 13564 
q CMh i- CM 
- e 27568 
-e24721 
-e22028 
- e  19490 
-b17107 
- 0 14879 
- e  12805 
- 0  10886 
-e09122 
-e07512 
-e06057 
A- 1 
Table A-1. Normal Force Coefficient Slope, C N ~ ,  Static Stability Coefficient C M*, N o r m 1  
Force Coefficient, CN& + C N ~  and Dynamic Stability Coefficient CM& + C N ~  Evaluated With 
Respect to Different Center of Rotation, xcg/L, of a 45-Degree Cone in Ideal Gas (Cont) 
A- 2 
(B) RN/RB = 0.75 
0. 
b l  
e2 
e3 
e4 
e 5  
e 6  
e 7  
e 8  
09 
1 b o  
cN* 
1 e0756 
1 e0756 
1 e 0756 
1 e 0756 
10 0756 
le0756 
1 0 0756 
1 e0756 
le0756 
1 e 0756 
1 e 0756 
-e64041 
-860333 
- 0  56628 
-e52919 
*e49214 
-e45505 
-=b 4 1 797 
-e30092 
- 34384 
-e30676 
- a  26969 
e56946 
e 53240 
e49533 
e43824 
e 4 2 1  17 
e3841 1 
e 34704 
43i3995 
e 27288 
e23582 
e 19875 
cl 
CM& -b CM 
-e36053 
-e3281 1 
-029024 
-025493 
-e22218 
-el9198 
16433 
- e  13925 
--e 11671 
- e  09673 
- b 0793 I 
Table A-1. Normal Force Coefficient Slope, ma!, Static Stability Coefficient CM,, Normal 
Force Coefficient, C N ~  + C N ~  and Dynamic Stability Coefficient CM& + C N ~  Evaluated With 
Respect to Different Center of Rotation, x&L, of a 45-Degree Cone in Ideal Gas (Cont) 
(c) R ~ / R ~  = 0 . 5  
kg/L 
0. 
. I  
02 
03 
04 
05 
06 
07 
.a 
09 
1.0 
cN* 
1 e 0583 
1 e 0583 
1.0583 
1 e0583 
1.0583 
1 e0583 
1 e 0583 
1 o 0583 
1 e 0583 
1 e 0583 
1 e 0583 
cMa! 
-056907 
-053046 
- e  491 88 
- 0  45331 
- 4 1473 
1.37612 
-033755 
- e  29896 
-026038 
-022179 
-e 18321 
~ 
-041413 
-037053 
- e  32975 
-929179 
-025663 
-022430 
- e  I9477 
- 0  16806 
-014416 
-. 12308 
- e  10480 
A-3 
Table A-1. Normal Force Coefficient Slope, C N ~ ,  Static Stability Coefficient C M ~ ,  Normal 
Force Coefficient, CN& + CN and Dynamic Stability Coefficient CM& + C N ~  Evaluated With 
Respect to Different Center Rotation, Xcg/L, of a 45-Degree Cone in  Ideal Gas (Cont) 
A-4 
(D) RN/RB = 0 .25  
x,g/L 
o e  
e 1  
e 2  
e 3  
e 4  
e 5  
e 6  
0 7  
0 8  
e 9  
1 e o  
cNa 
1 e 0246 
1 e 0 2 4 6  
1 e 0246 
1 e0246 
1 e 0 2 4 6  
1 e 0 2 4 6  
1 e 0246 
1 e 0 2 4 6  
100246 
1 e0246 
1 e0246 
- e  62837 
- e  58247 
-e53653 
-e49058 
-e44467 
-e39874 
-.352a1 
- e  30609 
- e 2 6 0 9 6  
- e  2 1503 
- e 1 6 9 1 0  
e 8  3972 
e 7 6 3 8 0  
471788 
e67193 
e 6260 1 
b 58009 
e 5 3 4 1 5  
b4aa23 
e 4 4 2 3 1  
e 3 3637 
e 35044 
CMi, cMq 
- 5729 1 
- e 5 1 0 5 1  
- e 4 5 2 2 3  
-.39a06 
-e34802 
-e30208 
-e26027 
-e22258 
- e  18900 
- e  15953 
- e l 3 4 1 9  
Table A-1. Normal Force Coefficient Slope, CN Static Stability Coefficient C M, Normal 
Force Coefficient, CN& + C N ~  and Dynamic Stability Coefficient C M ~  + C N ~  Evaiuamd With cry 
Respect to Different Center of Rotation, xcg/L, of a 45-Degree Cone in Ideal Gas (Cont) 
o e  
e 1  
e 2  
e3 
e4 
e5 
e 6  
e7 
e 8  
e 9  
1 eo 
1 e 0048 
1 e0048 
1 e 0048 
1 e 0048 
1.0048 
1 e0048 
1 e0048 
1.0048 
1 e0048 
1 e0048 
1.0048 
-e66989 
- e 6 1 9 6 5  
- e  5694 I 
-e51917 
-a 46892 
-a41868 
- e  36844 
-e31820 
-e26796 
& a  2 1 7 7 1  
- e  1 6 7 4 6  
cN& + cNq 
e86207 
e 8 1  182 
e 7 G 1 5 8  
e73134 
066llO 
0,61086 
e 5 6 0 6 1  
e 5 1038 
e46013 
e40989 
e 35965 
cM& i- c M q  
- e 6465 1 
-057242 
- e50336 
-043932 
-e38031 
-e32632 
- e 27736 
--e23342 
- 0  1 9 4 5 0  
- a  1 6 0 6 1  
- a 1 3 1 7 4  
A- 5 
Table A-2. Axial Force Coefficient and the Location of Center of Pressure 
of a 45-Degree Cone in Ideal Gas 
RN’RB 
1000450 
e89614 
4 79769 
e 69835 
(I 60032 
0 49895 
e 39793 
e 29988 
24853 
J 
A- 6 
(CA) 01 = 0 
1 1944 
1 0 1525 
1 0  1278 
1.1112 
100999 
1009k3 
100853 
1 e 0 8 1 6  
100804 
1 e0800 
Xcp’d 
031671 
0 29386 
e 26428 
0 23546 
020763 
e 18806 
0 17513 
0 16719 
b 16501 
16667 
3P Table A-3. The Value o f a  /Ptz at Dimensionless Distance Measured Along Body Surface 
From Forward Poinpon Axis of Symmetry of a 45-Degree Cone in  Ideal Gas 
s'% 
e 04500 
1005213 
le21168 
1 e41 140 
I e 6296 1 
le84901 
2 e 09930 
2.32789 
2 e 67725 
2 e 96968 
3.20417 
3.81337 
4, I7880 
4 e 64832 
5.41086 
@ = 0' 
1 e 13409 
1 e36425 
1 e50754 
I e283a9 
i e 28664 
1 e 16637 
1 e 10039 
1 e I1869 
I e 12175 
1 e I2749 
1 e 12128 
1 e 10086 
1 e09835 
1 e 0 9 9 5 2  
1 e 09874 
@ = 30 
.9a216 
1 e 18148 
1 e30557 
1 e 1 1  189 
1 e 11427 
leOlOll 
e 95297 
e96882 
e97147 
e 97644 
e97106 
e 95338 
a95120 
e 95222 
b95154 
@ = 60 
e56705 
e 602 I3 
e 75377 
e64195 
e 64332 
e58319 
e55020 
e 55935 
e 56088 
56375 
e 56064 
e55043 
054918 
e 54976 
e 54937 
@ = 90 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 e  
0. 
o e  
0. 
0. 
0. 
0. 
0. 
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Table A-4. Cone Surface Pressure of a 45-Degree Cone in Ideal Gas 
0. 
e45000 
e54000 
e 62032 
e 7 1 6 0 0  
e 8 4 5 8 0  
1e05213 
1.21 168 
1 ,41140 
1 e62961 
1.84901 
2.09930 
2 e 32789 
2 e 67725 
2.96968 
3.28417 
3.81337 
4.17880 
4 e 64832 
5e41086 
“9 
B 
F4 
Y 
A- 8 
J 
1 
J 
Table A-5. Normal Force Coefficient Slope, C N ~  , Static Stability Coefficient CM, , Normal 
Force Coefficient, C N ~  + CN and Dynamic Stability Coefficient C M ~  + C N ~  Evaluated With q 
Respect to Different Center of Rotation, +g/L, of a 45-Degree Cone i n  Real Gas 
e 8 1733 
081733 
e 8 1733 
e 8 1733 
e81733 
o 8 1 733 
001733 
o 8 1733 
e 0  1733 
e 8 1733 
081733 
-050204 
-a47811 
-e45417 
-e43021 
-040628 
- e  38235 
- e  35830 
" b  33445 
-b31052 
- 0  28657 
b 26262 
cN& i- cNq 
e42008 
e39614 
e 3721 9 
e 34825 
e32431 
b3003-/ 
27642 
o 25248 
e 2,2854 
e 20459 
e 18066 
cM& i- 
- e 2598 1 
-023350 
-e20860 
18509 
- 0  16299 
- e  14230 
- e  12300 
-e1051 1 
-e08862 
-e07353 
-e05985 
A- 9 
Table A-5. Normal Force Coefficient Slope, C N ~ ,  Static Stability Coefficient C M ~ ,  Normal 
Force Coefficient, CN& + GN and Dynamic Stability Coefficient CM& + C N ~  Evaluated With 
q Respect to Different Center of Rotation, xcg/L, of a 45-Degree Cone in Real Gas (Cont) 
F 
(B) RN/RB = 0.75 
xcg’L 
0.  
e l  
e 2  
43 
e 4  
e 5  
e6 
07 
e8 
e 9  
1 e 0  
A-10 
CN, 
e97208 
e97208 
.9720a 
e97208 
,97208 
. w m a  
e97208 
e97208 
e 9720 8 
e97200 
e97208 
-e57917 
- e  54567 
-051216 
- e 4 7 8 6 6  
-e44516 
-e41166 
-e37816 
“I. 34465 
-e31 115 
-e27764 
-e24414 
cN;W i- cNq 
e 5 9 1 0 1  
e55750 
e 5 2 4 0 0  
e49050 
e45700 
e 4 2 3 5 0  
e 30998 
e 3 3648 
e 32298 
b 28948 
e 25598 
~ 
- e 38822 
-e34904 
- e 3 1 2 1 7  
-b27761 
- e 24537 
-e21543 
- e  I. 8780 
- e  16248 
- 0  13947 
“b 11877 
- e  10038 
Table A-5. Normal Force Coefficient Slope, C N ~ ,  Static Stability Coefficient C M ~ ,  Normal 
Force Coefficient, CN& + CNq and Dynamic Stability Coefficient CM& + C N ~  Evaluated With 
Respect to Different Center of Rotation, %g/L, of a 45-Degree Cone in  Real Gas (Cont) 
(c) R ~ / R ~  = 0.5 
o e  
e l  
e 2  
e 3  
e4 
e 5  
e6 
e 7  
e 8  
e 9  
1 e 0  
cN* 
e 966 1 7 
e 9 6 6 1 7  
e96617 
~96617 
e96617 
0 9 6 6 1 7  
e 9 6 6 1 7  
e96617 
e 9 6 6 1 7  
096617 
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- w  52309 
- e  48867 
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-.3a298 
- e  34776 
- e  3 1253 
- e  2 7 7 3 1  
- e  24208 
- b 2 0 6 8 5  
- e  17162 
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e 63428 
e 59904 
0 56382 
e 5,?860 
e49336 
~4'3814 
e42290 
4 38768 
e 35246 
031722 
CMb, -k cMq 
-e 41 563 
-e37338 
-e33370 
-029659 
-e26205 
-e23008 
- e 2 0 0 6 8  -. 17386 
- e  1.4960 
-e12791 
- e  10879 
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Table A-5. Normal Force Coefficient Slope, C N ~ ,  Static Stability Coefficient C M ~ ,  Normal 
Force Coefficient, CN& + C N ~  and Dynamic Stability Coefficient CM;U + C N ~  Evaluated With 
Respect to Different Center of Rotation, +g/L, of a 45-Degree Cone in  Real Gas (Cont) 
(D) RN/RB = 0.25 
A-12 
0. 
e 1  
e2 
e 3  
e 4  
e 5  
e 6  
e ?  
e 8  
e 9  
1 e 0  
cNcr 
e98722 
e98722 
e98722 
e98722 
e98722 
e 98722 
e98722 
098722 
e 98722 
e98722 
e 98722 
- 0 6 1  142 
- e567 10 
- e  52294 
-e47870 
-e43444 
-e39019 
- e  34594 
-e30170 
25745 
- 0  21 319 
- e  16894 
e 8 1476 
e 77054 
472630 
b 63208 
e 63706 
e 59362 
e 54940 
e 5 3 5 1 6  
e46095 
041671 
e 37249 
~ 
- e  5766 1 
-051465 
- e 45666 
-e40263 
- 35257 
-e30648 
-e26435 
-e22619 
d e  19200 
- e  16177 
f 3552 
Table A-5. Normal Force Coefficient Slope, CN Static Stability Coefficient C M ~  , Normal 
Force Coefficient, CN& + C N ~  and Dynamic Stabdity Coefficient CM& + C N ~  Evaluated With 9' 
Respect to Different Center of Rotation, xcg/L, of a 45-Degree Cone in Real Gas (Cont) 
d a  
a 1  
a L  
a 3  
04 
05 
a 6  
a i  
e 6  
09 
1 a U  
- o 603~39 
- a 6 i 9 6 5  
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- a  46892 
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- a  16300 
- 0  1335;) 
A-13 
Table A-6. Axial Force Caefficient and the Location of Center of Pressure 
of a 45-Degree Cone in Real Gas 
RN’RB 
1 e 02240 
e 92046 
e79232 
0 71697 
660606 
50 756 
e 38231 
36466 
b 24852 
0.  
(eA)@ = 0 
101721 
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1 . 1 0 3 1  
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X, 00659 
1 e 0648 
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e 24004 
b20772 
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b 17107 
b 16667 
I 
f 
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ap Table A-7. The Value of aa! /Pt2 at Dimensionless Distance Measured Along Body Surface 
from Forward Point on Axis of Symmetry of a 45-Degree Cone in Real Gas 
e 84754 
1 e05768 
l e  19184 
1 e 37372 
1 e 62956 
1 e 79822 
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2.38138 
2.62468 
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Table A-8. Cone Surface Pressure of a 45-Degree Cone in Real Gas 
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